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Abstract 

‘Nanjangud Rasbale’ (syn. ‘Rasthali’, AAB, Silk), one of the popular banana 

cultivars of Karnataka State in India, is seriously threatened by Fusarium wilt caused by 

Fusarium oxysporum f. sp. cubense (Foc). There is no report of the development of highly 

regenerative ECS cultures from this cultivar using floral meristems. Highly regenerative 

ECS were established from floral meristems, which developed into embryos in 45 days and 

germinated in 60 days. One ml of the ECS produced 2080-2960 somatic embryos, which 

produced around 1500-2000 plantlets. After standardising different transformation 

conditions, the ECS (0.5 optical density) was transformed with the AMP gene cloned from 

onion seeds, through Agrobacterium-mediated transformation. Somatic embryos developed 

and regenerated on the same selection medium with 0.7% germination. PCR, RT-PCR and 

Dot blot assay of the regenerants showed integration of the AMP gene in 10 out of 17 

plants tested. Further evaluation of the established transgenics is in progress. 

 

Keywords: Agrobacterium tumefaciens, Dot blot, Fusarium oxysporum f. sp. cubense, 

geneticin, immature male flowers, RT-PCR, somatic embryos 

Introduction 

‘Nanjangud Rasbale’ (syn. ‘Rasthali’, AAB, Silk) is one of the most popular banana 

cultivars of Karnataka State in India, because of its special flavour and taste. Cultivation of 

’Nanjangud Rasbale’ is threatened severely by Fusarium wilt, caused by Fusarium 

oxysporum f. sp. cubense (Foc). Transformation of banana with resistance genes to Foc, 

Mycosphaerella, nematodes and viruses has been attempted (Sagi et al., 2003). 

Regeneration through somatic embryos is a popular tool used in banana transformation 

(Chakrabarti et al., 2003). Successful regeneration of plants from banana cell suspensions 

through somatic embryogenesis is reported by many workers. Meristems were used by 

Strosse et al. (2003) and immature flowers by Côte et al. (1996), Escalant et al. (1994) and 

Grapin et al. (1996) to obtain highly regenerative embryogenic cell suspensions (ECS). 

Ganapathi et al. (2001) used the apical meristem of ‘Rasthali’ for the development of ECS 
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and obtained a regeneration of 500 plants per ml of suspension culture. However, there is no 

report of the development of ECS of banana from male flowers of ‘Rasthali’ or 

transformants using the AMP gene, hence the present study. 

Materials and Methods 

Development of Cell Suspension Culture 

Inflorescences of ‘Nanjangud Rasbale’ bearing male flowers were collected from 

Nanjangud, the hot spot of the cultivar in Southern India, and inoculated within 24 h (Fig. 

1A). The bracts were removed and flower clusters from the position 0-20 were inoculated 

on MA1 medium containing MS basal medium with 2,4-dichlorophenoxyacetic acid (2,4- 

D) a 4 mg/L, and indole-3-acetic acid (IAA) and napthaleneacetic acid (NAA) 1 mg/L 

(Strosse et al., 2003) (Table 1; Figs. 1A and B). For callus proliferation, the concentration of 

2,4-D was reduced by half (Table 1). The cultures were incubated in the dark at a 

temperature of 25±2°C and a relative humidity of 60-70%. After an incubation of 7 to 9 

months, fragile embryogenic callus containing translucent pro-embryos were produced 

which were selected for developing suspensions. The ideal calli selected were used to 

initiate ECS. The calli were transferred to 10 ml of MA2 medium containing MS basal 

medium with 1 mg/L 2,4-D (Strosse et al., 2003) in a 50-ml conical flask. The ECS was 

maintained at 70 rpm at 25±2°C in the dark. The ECS was subcultured every 10 days. Cell 

growth was determined by centrifuging 1 ml of the ECS and measuring the fresh weight of 

the pellet as well as the dry weight after vacuum drying. 

Development of Somatic Embryos and Their Germination 

The cell suspension, 0.5 ml, was plated onto filter paper for development and 

maturation on MA3 and MA4 media containing MS basal medium with NAA 0.2 mg/L, 

zeatin 0.05 mg/L, N6-(2-isopentenyl)adenine (2iP) 0.2 mg/L, kinetin 0.1 mg/L, IAA 2 mg/L 

and 6-benzyl aminopurine (BAP) 0.5 mg/L (Strosse et al., 2003), and cultured at 25±2°C 

under a light intensity of 30 μmol
-2

 s
-1

. The matured embryos were transferred to MA4 

medium for further germination. The germinated plantlets were further subcultured to a 

medium containing a higher concentration of BAP (22.19 μM) and IAA (17.1 μM). Rooted 

plants were hardened. 
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Histological Studies 

To study their bipolar nature, somatic embryos were fixed in formalin, acetic acid 

and ethyl alcohol (FAA) in a proportion of 90:5:5 by volume for a period of 24-48 h. The 

fixed material was processed and embedded as described by Jensen (1962). Each embedded 

embryo was fixed to the rider of Erma Rotatory Microtome, and sections of 12 μm thickness 

were taken. The slides were further deparaffinised using xylene, rehydrated using ethanol 

series and stained with toluidine blue and mercuric bromophenol blue. They were 

dehydrated subsequently using ethyl alcohol, mounted in dibutyl phthalate xylene and 

observed under 4X x 10 binocular microscope. 

Gene Construction, Transformation and Regeneration 

An antimicrobial peptide gene was cloned from onion seeds in the laboratory (NCBI 

acc no-EU561064), and a construct was developed in a binary vector pCAMBIA 2301 with 

the 35S promoter and NOS terminator NPTII gene as selectable marker (Manjula et al., 

2006). Agrobacterium tumefaciens strain LBA4404 was used. 

Standardisation of transformation conditions was carried out using an 

Agrobacterium cell density of 0.5-0.8 optical density (OD) and duration of cocultivation of 

15-120 minutes (Table 3) with an acetosyringone concentration of 100 μM. The ECS was 

tested for its sensitivity to cefotaxime 100-500 mg/L and geneticin 25-100 mg/L. The 

optimum conditions for the cocultivation of ECS were determined. Based on the results, the 

ECS were cocultivated with Agrobacterium containing the AMP gene at 0.5 OD, incubation 

period of 30 min and 100 M acetosyringone concentration, and plated on selection media 

containing 50 mg/L of geneticin (G418). Suspensions transformed with the vector pCambia 

2301 without the gene insert served as the control. 

Screening of Transformants for the Integration of the Gene 

Genomic DNA was isolated from banana plants along with the control using the 

CTAB extraction method. PCR amplification of the NPTII and AMP gene was carried out to 

confirm the presence of the gene using specific primers. For RT-PCR analysis, RNA was 

isolated from banana leaves using the Spectrum total RNA isolation kit (Sigma). First strand 

of cDNA was synthesised using the Master Script RT-PCR system (5 prime) and oligo dt 

primer (Quiagen). After reverse transcription, the AMP gene was amplified using this cDNA 

and Hot star High fidelity Taq polymerase. For Dot-blot analysis, genomic DNA was 
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extracted from the putative transformed plants and blotted onto nylon membrane and probed 

with gene-specific primer using the alkaphos kit (GE Health care). 

RESULTS 

Development of Cell Suspension 

The embryogenic calli containing translucent pro-embryos were observed at 6-9 

months after initiation. Only 1.25-6.25% of the explants produced ideal calli suitable for 

suspension culture. 17 µM 2,4-D gave the highest percentage of calli compared with other 

treatments (Table 1). Flower clusters in the positions 5-12 were found to produce more calli 

than those in other positions (data not shown). Upon transfer to MA2 medium, friable 

embryogenic callus immediately released embryogenic cells (Fig. 1d). The cells showed a 

sigmoid growth pattern on maintaining the ECS. The embryogenic cells were smaller, 

spherical in shape and had dense yellow cytoplasm containing starch granules with a few 

small vacuoles (Fig. 1E). The 1-ml cell suspension pellet was vacuum dried and found to be 

100 mg. 

Embryo Development and Germination 

After 45 days in MA4 medium, the ECS produced somatic embryos showing 

different stages of development (Fig. 1F). One ml of suspension produced 2080-2560 

somatic embryos. It was found that MA4 was a better medium to get maximum somatic 

embryos than MA3 (Table 2). Within 45-60 days, green plumules and plantlets emerged 

from these somatic embryos. Well-developed shoots and roots were hardened in medium 

(Fig. 1I). Histological observations revealed that cell suspensions on maturation media 

developed into well-epidermised heart-shaped somatic embryos with the appearance of 

provasculature in 45-60 days (Fig. 2A). The bipolar nature of the somatic embryos could be 

detected at this stage. Somatic embryos with well-developed shoot meristem, cotyledon, 

cotyledonary notch, root meristem and provascular tissue were observed (Fig. 2B) within 

90-110 days. Regardless of the stage of maturation, somatic embryos showed structural 

abnormalities, like multiple shoot tips, root initials, cotyledons and cotyledons with fused 

vascular tissue and shoot meristems (Figs. 2C and D). 

It was found that cefotaxime 300 mg/L and geneticin 50 mg/L were best for the 

selection of transformants, as the control somatic embryos did not grow in these conditions. 

Incubation period of 30 min and Agrobacterium concentration of 0.5 OD gave the highest 

number of plants (Table 3); 0.8 OD did not give rise to somatic embryos. Transformants 
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took longer for somatic embryo maturation and germination, and for subsequent growth 

upto 1 cm (140 days) compared to the control. Percentage of regenerated putative 

transformants was about 0.7%. A total of 17 regenerated transformed healthy plants were 

obtained in the various treatments, which were maintained on selection medium for further 

hardening and screening. 

Gene Integration 

PCR studies showed that 10 plants out of 17 were positive for the presence of 700 bp 

fragment for NPTII and 300 bp for Ace-AMP1 gene (Figs. 3A and B). RT-PCR studies 

showed that five plants were positive for the integration of the gene (Fig. 3C). Dot-blot 

analysis showed integration of the gene in five plants. 

DISCUSSION 

The present study demonstrates that a highly regenerative ECS culture could be 

established using male flowers of ‘Nanjangud Rasbale’, and that the cell suspension could 

be efficiently transformed using Agrobacterium. Though the percentage of flower clusters-

producing calli was very low (4-5%), the calli obtained were more regenerative than those 

from shoot-tip culture of ‘Rasthali’ by Ganapathi et al. (2001) who reported a regeneration 

rate of 500 regenerants for 1 ml cell suspension. In this study involving floral meristems, 

1460 plants were regenerated from 1 ml of suspension, which is nearly 3x higher than that 

obtained using shoot-tip explants. Many authors have reported varying percentages of 

germination through suspension cultures of embryogenic callus of banana. Côte et al. (1996) 

reported 3-20% germination in embryos developed from ECS of ‘Grand Naine’ (AAA) 

using male flowers. Grapin et al. (1996) observed 10-40% germination in embryos derived 

through ECS of female flowers of ‘Sombre’ (AAB, plantain). Wong et al. (2006) obtained 

ECS from Musa acuminata male flower clusters and achieved germination of approx 32,000 

plants per ml suspension. Strosse et al. (2006) obtained more than 100,000 plants per ml. 

In the present work, histological observation of matured embryos showed a bipolar 

embryo with shoot meristem and root meristem connected by provascular tissue, cotyledon 

and cotyledonary slit. The presence of developing embryos consisting of groups of two to 

several cells suggests that they are probably of unicellular origin. Plants derived from ECS 

in the present study are being field tested for somaclonal variations. Kosky et al. (2006) 

reported that a population of 1500 plants of the banana hybrid ‘FHIA- 18’ (AAAB), 
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regenerated from somatic embryos and multiplied in bioreactors, were similar in 

characteristics to plants propagated from shoot-tip cultures, both in the acclimatisation stage 

and in field experiments carried out in Cuba. 

Through cocultivation of ECS using Agrobacterium tumefaciens, it has been 

possible to develop transformants with confirmed integration of the gene in ‘Nanjangud 

Rasbale’ which is encouraging in the process of developing resistance through genetic 

transformation. Many authors have reported transformation of ECS of Musa, using a 

reporter gene (Ganapathi et al., 2001; Matsumoto et al., 2002). cDNA for Ace-AMP2 has 

also been transferred to several banana cultivars, which were analysed in greenhouse 

infection tests and found promising (Sagi et al., 2003). Ace-AMP has been reported to 

enhance antifungal activity and defence responses in wheat (Roy-Barman et al., 2006) and 

geranium (Bi et al., 1999). The transformants developed in the present study with the Ace-

AMP1 gene are being evaluated for resistance to Fusarium wilt. 
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Table 1. Callus induction and proliferation in ‘Rasthali’ (AAB) male inflorescence in MS 

supplemented with different hormone combinations. 
 
Culture media with MA1 No. of 

embryogenic 
calli per plate 

Percentage 
of explants 
producing 
embryogenic 
callus 

Callus induction after 24 
weeks 

Callus proliferation after 36 
weeks 

2,4-D 
(µm) 

IAA 
(µm) 

NAA 
(µm) 

2,4-D 
(µm) 

IAA 
(µm) 

NAA 
(µm) 

27 5.7 5.4 13.5 5.7 5.4 0.375 1.87 
17 5.7 5.4 9 5.7 5.4 1.250 6.25 
9 5.7 5.4 4.5 5.7 5.4 0.625 3.12 

4.5 5.7 5.4 2.25 5.7 5.4 0.250 1.25 
Standard error of mean (SEM) Critical difference (CD) 
at 1% 

             0.197 
             0.772 

 

Table 2. Development of somatic embryos and their germination from 0.5 ml of cell 

suspension of ‘Rasthali’. 

 

Treatment No. of somatic embryos  

developed 

No. of plants 

germinated 

Percentage 

germination 
Embryos plated on 
MA3 medium & 
transferred to MA4 

1040 252 24.2 

Embryos directly 
plated on MA4 
medium 

1480 730 70.1 

Standard error of 
mean (SEM) 

118.47 18.49  

Critical difference 
(CD) at 1% 

562.05 60.30  

Table 3. Standardisation of Agrobacterium cell density, cocultivation duration and 

acetosyringone concentration. 

 
Cocultivation 
duration (min) 

Agrobacterium 
cell density 
(Optical density) 

No. of somatic 
embryos developed 
on selection media 

No. of somatic 
embryos 
germinated 

No. of plants 
regenerated 

15 0.5 150 SEM 
9.54 

10 4 
30 124 13 9 
45 100 0 0 
90 0 0 0 
120 0 0 0 
15 0.6 125 SEM 

8.92 
7 4 

30 148 0 0 
45 85 0 0 
90 0 0 0 
120 0 0 0 
15 0.7 47 SEM 

4.46 
Nil Nil 

30 24 
45 12 
90 0 
120 0 

SEM: Standard error of mean 
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Figures 
 

 
Fig. 1. ECS development and plant regeneration. A) Banana flower; B) cluster of flower 

from 1-20 position; C) Ideal callus (Bar = 2.66 mm); D) ECS (Bar = 800 mm); E) 
Individual cells of ECS (Bar = 20µm); F) Cells maturing into embryos (Bar = 2.5 
mm); G) Germinating embryos (Bar = 1.5 mm); H) Embryos giving rise to shoot 
and root (Bar = 440 mm); I) Plantlets hardened on soil rites (Bar = 166 mm). 

 

 

 

Fig. 2. Histological studies of the developing embryo from ECS. A) Emergence of provasculature 

(PV) and leaf primordia (Bar = 500 µm); B) and C) Appearance of shoot meristem (SM) and root 

meristem (RM) (Bar = 500 µm); C) and D) Abnormal somatic embryo with multiple root meristems 
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A B C 

 
Fig. 3. A) PCR amplification of NPTII (lane 1-10: PCR amplification of NPTII gene from 

genomic DNA of AMP transformed plants M-1 kb marker; lane 12-13: positive 
control; 13: negative control); B) PCR amplification of AMP gene (lane 1-7, 10- 12: 
AMP-transformed plants; lane 8: positive control; lane 9: 1 kb plus marker); 
C) RT-PCR analysis of AMP plants (lane 1: positive control; lane 2-6: AMP 

plants; lane 7: negative control; lane 8: 1 kb plus marker). 
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